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By lowering the pH of the medium or treating the tissue with malonate or 2,4-dinitrophenol, similar increases in the rates of utilization of both forms of cytoplasmic malate were brought about. Changes in (A) the demand for acetyl acceptors in the mitochondria and (B) mitochondrial permeability were invoked to account for the increased uLtilization of the cytoplasmic malate under the various experimental treatments.
T,he differential labeling of 2 pools of malate in corn roots by a double labeling technique has been previously described (9) . Further experiments bearing on the intracellular separation of the malate produced by CO, fixation and that produced by the tricarboxylic acid cycle and particularly the distinctive responses of these 2 pools to experimental treatments are described in the present paper. The effects of these treatments [exposure to media at pH 5.0 and( pH 7.5, to a metabolic inhibitor (malonate) anid to 2,4-dinitrophenol (DNP), an uncoupling agent] on t'he utilization of exogenously supplied mlalate were also examined. The results lead to the conclusion that both the malate produced during a 1 5-minute pulse of 14CO0 and that taken up fromii an exogenious supply during a similar pulse are confined to the extra-mitochondrial cytoplasmnic space.
Materials and Methods
Maize grains (var. Wf 9 X 38-11) were obtained from the Agricultural Alumni Seed Association. Lafayette, Indiana. Stubapical root segments were prepared and the treatment, extraction, fractionation and radioactivity assays were performed as described earlier (9) . The amounts of labeled material supplied to samples of roots (2.5 2. In comparison with the control 3 significant changes were brought about by the inhibitor during the post pulse incubation at pH 5.O.
A) The rate of utilization of malate-3H was slowed down, B) the rate of tutilization of malate-l-C was increased and C) the total malate level decreased. Preliminary experiments in which a pulse of malate-3-14C was supplied showed that it was utilized at a nmuch slower rate than malate generated in the tricariboxylic acid cycle under similar conditions from either acetate-3H or acetate-1-14C. A series of experiments was then perfonmed in which the effects of the same treatments (pH, malonate and DNP) which had been shown to affect the utilization of the malate produced by CO, fixation were examined on the utilization of exogenous malate. This was introduced into the tissue during a 15-minute pulse at pH 7.5. At the end of the exposure, the pulsing medium was removed and after rapidly washing the roots they were transferred to the appropriate solutions and the behavior of the labeled malate was followed.
The results are shown in figure 5 . (3) indlicate that this miiem(brane constitutes a very firn barrier, anid the contents of the vacuole are lost to the cytoplasimi at a vrery slow rate, at least in cells of Nitcllopsis obtitsa (11) . It therefore seems unlikely that the rapid utilization of the malate produced by CO.) fixation which was brought about by the inhibitors inivolved a mass transfer of material from the vacuole. Mloreover, as we have shown ( fig 3) the bulk of the malate present in the tissue before the bicarbonate pulse remains unaffected by the inhibitors. This suggests that the pool of malate produced by CO., fixation is a discrete one and does not represent vacuolar malate.
The rates of utilization of exogenous malate-14C uinider the experimental treatments described are so simiiilar to those of malate-14C produced by CO. fixationi ( 
LIPS AND BEEVERS-COMPARTMENTATION OF ORGANIC ACIDS IN CORN ROOTS
permeability led to 20-fold increases in the apparent activities of mitochondrial malate and glutamate dehydrogenases, and that of Simon (13) on cytochrome oxidase in plant mitochondria. Lester et al. (6) showed that specially prepared, tightly coupled mitochondria were unable to oxidize added isocitrate, although they were capable of carrying out the complete tricarboxylic acid cycle with acetate as substrate. Only wheni the mitochondria were experimentally damaged (5, 13) did the capacity to oxidize exogenous isocitrate appear.
These observations support the view expressed in this paper that the mitochondrial membrane (or some inherent organizational characteristic) constitutes the physical barrier separating the mitochondrial and the cytoplasmic pools of malic acid.
The simultaneous comparison of the rates of oxidation of endogenous (3H-labeled) and exogenous ('4C-labeled) pools of malic acid under different experimental conditions permits, in effect, the demonstration of changes in mitochondrial "permeability" in vivo. The quotes intend to express the imprecision of our understanding of this property. The essential fact is that the transfer between the cytoplasmic pool of malate and the oxidative machinery of the cycle is normally limited and that certain experimental conditions increase the degree of the transfer.
